Introduction {#s1}
============

Stem cells are undifferentiated cells with long-term self-renewal and differentiation ability into many types of cells derived from three embryonic germ layers.^[@R1]^ Embryonic stem cells are the pluripotent cells with ethical limitations in application. For this reason, in the laboratory research, adult stem cells are used. In the early 1970s, Friedenstein isolated the mesenchymal stem cells (MSCs) from the bone marrow.^[@R2]^ Adult stem cells are a population of multipotent cells found in different tissues such as bone marrow, skeletal muscle, brain, umbilical cord blood, peripheral blood, skin and adipose tissue. They have surface markers of CD90, CD105, CD73, CD106, CD29 and CD44 and lack of the hematopoietic markers such as CD34 and HLA-Dr.^[@R3]^

One of the potential of tissue repair is the presence of stem cells which have high division power and differentiation capacity. They help to maintain tissue lining cells and survival of the adult blood system. Adipose tissue consists of different cells, with adipocytes accounting for one third of them.^[@R4]^ This tissue is a main source of stem cells and one gram of it has about 5000 stem cells, which is 35 times more than the stem cells of bone marrow.^[@R5],[@R6]^ Adipose stem cells (ASCs) are more common around blood vessels and are closely related to endothelial cells and pericytes.^[@R7]^

Stem cell isolation from adipose tissue is preferable to bone marrow due to higher cell numbers, easy access, and less invasion. For this reason, it has been considered in recent decades and is a very good alternative to damaged pancreatic islets cells,^[@R8]^ tendons, ligaments and injured articular cartilage.^[@R9]^ Also, transplantation of adipose tissue to various organs reduces fibrosis, increases the number of vessels, and modifies the collagen structure in transplanted tissues.^[@R10]^

Articular cartilage has unique biological and biomechanical properties. The reduction and destruction of this tissue in the weight bearing joints causes pain, stiffness, swelling, locking of the joints and severe motor limitation for the patient together with high cost of treatment. Due to this fact that cartilage has no blood or lymphatic vessels and nerves, chondrocytes have low division activity and little capacity for their reconstruction and repair,^[@R11]^ leading to tissue fibrosis and providing conditions for the development of osteoarthritis.

In recent years, tissue engineering has been widely used to repair cartilage, and its main components are scaffolds and various cell types such as ASCs. The selected scaffolds should be compatible with the environment, free from toxicity and inflammatory cells stimulation, resistant to physiological pH and body temperature in order to allow the cells to adhere, grow, and differentiate.^[@R12]^ In addition to the types of scaffold, various compounds can contribute to the differentiation and growth of the chondrocyte.

Resveratrol (Res) (3, 5, 4'-trihydroxystilbene) is one of the polyphenolic and phytoalexin compounds which was first identified in 1940 in the root of the white hellebore (*Veratrum grandiflorum*). It is also abundant in many other herbs such as red grapes, peanuts, eucalyptus, blueberries, melons and black raspberries.^[@R13],[@R14]^ Res is synthesized by plants in response to stress and infection. This compound attaches to estrogen receptors and activates transcription of other genes.^[@R15]^ It also has many other properties such as anti-tumor and anti-inflammatory effects, anti-aging and neuroprotective qualities,^[@R16]^ chemotherapy properties^[@R17]^ and endometriosis suppression features.^[@R18]^

Sirtuins are a member of class III histone deacetylases (HDACs) which is dependent on NAD^+^, and seven types of them have been reported in humans.^[@R19]^ Sirt1 has been known as an anti-aging factor and plays an important role in preventing chondrocytes apoptosis and osteoarthritis pathogenesis.^[@R20]^ It has different functions such as regulation of lipid metabolism and adipogenesis.^[@R21]^ Sirt1 interferes with damage-related DNA responses and is associated with increasing age and carcinogenesis. This protein is the inhibitor of diseases such as colon cancer^[@R22]^ and sarcoma, lymphoma, teratoma, carcinoma^[@R23]^ and age-related spontaneous tumors.^[@R24]^ It is believed that there is a direct relationship between Res and Sirt1, meaning that Res existing in diet increases the survival of cells by inducing the *Sirt1* gene expression.^[@R25],[@R26]^

The aim of the present study was to investigate the effect of Res on differentiation of ASCs into chondrocyte in 3D culture and to evaluate cell survival, apoptosis, total antioxidants capacity and *Sirt1* gene expression.

Materials and Methods {#s2}
=====================

In this *in vitro* experimental study, subcutaneous adipose tissues were taken from patients (20-40 years) during liposuction in a sterile phosphate-buffered saline (PBS) solution. The adipose tissues were cut into small pieces and after washing with PBS, they were chopped with sterile blade and incubated in collagenase type I (2 mg/mL) solution for 60 to 90 minutes. After enzymatic digestion, the cell suspension was passed through 70 and 40 µm filter mesh (cell strainer) to eliminate undigested tissue fragments.

The suspension was centrifuged at 2000 rpm for 10 minutes. The cell pellet (stromal vascular fraction) was re-suspended in fresh DMEM (Dulbecco's Modified Eagle Medium) containing 10% fetal bovine serum and 1% antibiotic, and was subsequently transferred to a culture flask. The culture flask was maintained in a 5% CO2 incubator at 37°C. After removing the floating cells in the first 24 hours, the medium was changed every two days, and once reaching a density of 70%-80%, the cells were passaged until the 4^th^ passage.

Flow cytometry technique {#s2-1}
------------------------

Flow cytometry is one of stemness confirmation methods for determining the mesenchymal markers such as CD105, CD73 and non-mesenchymal marker such as CD45. Isolated ASCs (passage 4) were washed with flow cytometry (FCM) buffer \[PBS containing 0.5% bovine serumalbumin (BSA)\] two times. The purity of MSCs was determined using anti-CD105-FITC, anti-CD73-PE and anti-CD45-FITC. Then, MSCs were incubated with 10 μL of each antibody or isotype antibody for 45 min at 4^◦^C. The cells were subsequently washed three times with FCM buffer, fixed with 1% paraformaldehyde and subjected to FCM (FACS Calibur, Beckman Dickinson, San Jose, CA). Data of FCM were analyzed by FCS Express V3 Software (De Novo Software, Los Angeles, CA).

Three-dimensional culture {#s2-2}
-------------------------

Fibrin scaffold was used to carry out the three-dimensional (3D) culture. In this method, fibrinogen (3 mg/mL) was dissolved in a M199 medium containing ASCs and was addedto wells of 24 wells plate (0.5 mL/well). Then, 15 µL of thrombin (Stago) was added to each well, and the culture dish was placed in the incubator. After formation of fibrin jelly, media of different groups were added for 21 days and changed every three days.^[@R27]^

ASCs differentiation into chondrocyte {#s2-3}
-------------------------------------

ASCs were incubated with chondrogenic differentiation medium (CDM) consisting of high-glucose DMEM, insulin-transferrin-selenium 1%, dexamethasone (100 nM), ascorbic acid 2 phosphate (50 μg/mL), BSA (1.25 mg/mL) and TGF-β3 (10 ng/mL).The cells were divided into five groups. The control group was treated only with CDM, but the experimental groups (2nd to 5th) were treated with CDM containing one of 1, 10, 20 and 50 µM doses of Res (Sigma) for 21 days. The effects of different doses of Res on morphology, growth and differentiation of the ASCs in a 3D culture were investigated and compared with the control group.

Alcian blue staining {#s2-4}
--------------------

Alcian blue staining was used for chondrocyte confirmation. In this staining, the cells were fixed with 4% paraformaldehyde and stained with alcian blue (1 g/100 mL of 0.1 M hydrochloric acid with pH = 1) and incubated for half an hour.The wells were rinsed three times with 0.1 M HCl and finally washed with distilled water. The blue color indicates the produced proteoglycan compounds by chondrocytes.

MTT assay {#s2-5}
---------

MTT \[3- (4, 5-dimethylthiazol-2-yl) -2, 5-difenyltetrazolium bromide\] assay was used for measuring the viability of cells. ASCs were cultured in 96-well plates (15 × 10^3^ cells per well), and after 72 hours of cells treatment with different concentrations of Res \[0 (control), 1, 10, 20 and 50 μM\], the medium was removed. Then 30 μL of MTT solution (Roche, GmbH, Germany) (5 mg MTT dissolved in 1 mL PBS) was added to each well, and the cells were incubated for 3 hours in a dark condition. Then, 100 μL of dimethyl sulfoxide was added to dissolve the formazan crystals at room temperature on a shaker. The optical density (OD) at 570 and 630 nm wavelength was read using the ELISA reader.^[@R28]^

TUNEL staining {#s2-6}
--------------

Cells apoptosis was detected using a TUNEL Kit (Roche Diagnostics, Germany) by labeling the end of the 3́OH of the DNA fragments. The cells were incubated in a 96-wells plate for 72 hours with different doses of Res. Then, the medium was removed, and the cells were fixed with 4% paraformaldehyde solution for half an hour at room temperature. The cells were rinsed with PBS, and a solution of 0.1% Triton X-100 in 0.1% sodium citrate was used for 5 minutes on ice (4°C). Again, the cells were rinsed with PBS and 50 µL of TUNEL mixture containing the enzyme solution, and its label was added to each well at room temperature for an hour. The cells were rinsed with PBS, and the propidium iodide (PI) solution was used for specific staining of the cells for 20 minutes. Healthy cells were identified as opaque red cells from apoptotic cells in gloss red. The work was done in the dark, and after three times of rinsing cells with PBS, they were observed through a fluorescence microscope.^[@R29]^ The apoptotic index of the cells was calculated using the following formula

Apoptotic index = number of apoptotic cells/total number of cells ×100

Acridine orange/ethidium bromide (AO/EB) staining {#s2-7}
-------------------------------------------------

This method was used to distinguish dead cells (morphological changes) from live ones. An amount of 100 μL of AO/EB mixture (100 μg/mL of each dissolved in PBS) was used for 20 minutes. After washing with PBS, the cells were observed through a fluorescence microscope (Nikon, Germany). In this staining, the AO passes through the plasma membrane of all cells and emits a green fluorescent light, but EB only passes through the membrane of damaged cells and emits a red fluorescent light. Due to the predominance of EB in relation to AO, the nuclei of live cells are integrated and green while the nuclei of primary apoptotic cells have a split chromatin and are yellow but the nucleus of cells with more advanced apoptosis show orange and fragmented chromatin.^[@R30]^

Ferric reducing antioxidant power (FRAP) {#s2-8}
----------------------------------------

Total antioxidant capacity was measured using FRAP technique. First, the FRAP working solution containing 25 mL of acetate buffer (300 mM with pH 3.6) was mixed with 5 mL of the tripyridyl, 1, 3, 5 triazine substance in chloride acid (40 mM). Then, 5 mL of iron chloride (20 mM) was added to the solution. 1.5 mL of the prepared solution was added to 200 μL of the samples and placed in a hot bath for 15 minutes at 37°C. The absorption changes were measured at 593 nm by a spectrophotometer. The FRAP value was converted to μM unit using the FeSo4.7H2o standard.^[@R31]^

Semi-quantitative PCR (Reverse Transcription-PCR) {#s2-9}
-------------------------------------------------

To analyze *Sox2, Oct4, Nanog, Sox9,* collagen II (*COL2A1*), aggrecan (*ACAN*) and *Sirt1* genes expression, a semi-quantitative polymerase chain reaction (PCR) was performed. 1 μL of cDNA was used as templet in RT-PCR. It was added to 12.5 μL of 2x Master Mix RED (1.5 mM MgCl2) (Amplicon Inc.), including 150 mM Tris-HCl pH 8.5, 40 mM (NH4)2S04, 3 mM MgCl2, 0.2% Tween^®^ 20, 0.4 mM of each dNTP, 0.2 units/µL Amplicon Taq DNA polymerase, inert red dye and stabilizer), 1 µL of each primer (10 μM), and up to 25 μL nuclease free water. Amplification was carried out using a thermal cycler (Eppendorf AG 22331, Hamburg, Germany), and conditions of RT-PCR amplification were as follows: an initial denaturation at 94°C for 5 minutes, 30 cycles of three-step PCR consisting of 94°C for 20 seconds, 60°C for 25 seconds and 72 °C for 45 seconds and final extension at 72°C for 10 minutes. The RT-PCR product was applied for electrophoresis agarose gel along with molecular weight markers.

Real time PCR {#s2-10}
-------------

To extract total RNA from the cells, the fibrin gel was harvested, and the cells were released by chopping and centrifuged at 2500 rpm for 10 minutes. The supernatant was discarded, and the next steps were carried out in accordance to the instructions in the GeneMATRIX Universal RNA Purification (EurX) kit. In the last step, to measure the amount of extracted RNA, NanoDrop 2000c Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) was used at a wavelength of 260/280.

For the synthesis of cDNA, 1 μg of extracted RNAs was used by the PrimeScript^TM^ RT Reagent Kit Reverse Transcription (TaKaRa, Dalian, China), and the steps were taken according to the kit's instructions. Real time-PCR was performed with the ABI device (Step one) to evaluate whether Res altered the expression of the desired genes. Each reaction mixture contained 1 μL of cDNA, 1 μL of forward and revers primer (5pM) and 10 μL of Cyber Green's mixer, which were taken together with distilled water at a volume of 20 μL .The specificity of the products was evaluated by comparing the melting curve, and the relative expression level of each gene was calculated by the 2^-ΔΔCT^ formula. The ACTB was used as a reference gene to measure the relative expression of the desired genes and was repeated three times for each group.[Table 1](#T1){ref-type="table"} shows the specific primers that used in this study.

###### Genes primer sequences

  ----------------- ---------------------- ------------------------------- --------------- -----------------------------------
  **Gene**          **Accession Number**   **Annealing temperature, °C**   **Size (bp)**   **Primer sequence**

  *ACTB*            NM_001101              60                              146             F: 5ˊ-TGACCCAGATCATGTTTGAGACC-3ˊ\
                                                                                           R: 5ˊ-CTCGTAGATGGGCACAGTGTGGG-3ˊ

  *SOX2*            NM_003106              60                              87              F: 5ˊ-CTCGCCCACCTACAGCAT-3ˊ\
                                                                                           R: 5ˊ-GCCTCGGACTTGACCACC-3ˊ

  *POU5F1 (OCT4)*   NM_001173531           60                              110             F: 5ˊ-AGTGAGAGGCAACCTGGAGA-3ˊ\
                                                                                           R: 5ˊ-ACACTCGGACCACATCCTTC-3ˊ

  *NANOG*           NM_024865              60                              158             F: 5ˊ-CAAAGGCAAACAACCCACTT-3ˊ\
                                                                                           R: 5ˊ-TCTGCTGGAGGCTGAGGTAT-3ˊ

  *Sox9*            NM_000346              63                              256             F: 5ˊ-TACGACTACACCGACCACCA -3ˊ\
                                                                                           R: 5ˊ-TTAGGATCATCTCGGCCATC -3ˊ

  *COL2A1*          NM_001844              61.5                            79              F: 5ˊ-GGCAATAGCAGGTTCACGTACA -3ˊ\
                                                                                           R: 5ˊ- CGATAACAGTCTTGCCCCACTT-3ˊ

  *ACAN*            NM_001135              56                              185             F: 5ˊ- CCAGGAGGTATGTGAGGA -3ˊ\
                                                                                           R: 5ˊ- CGATCCACTGGTAGTCTTG -3ˊ

  *Sirt1*           NM-00114249801         60                              110             F: 5ˊ-TCAGTGTCATGGTTCCTTGC-3ˊ\
                                                                                           R: 5ˊ-GTTCATCAGCTGGGCACCTA-3ˊ
  ----------------- ---------------------- ------------------------------- --------------- -----------------------------------

Statistical analysis {#s2-11}
--------------------

The statistical analysis of this study was done by SPSS software version 16 (SPSS Inc., Chicago, IL, USA) with mean ± SD. One-way ANOVA and non-parametric Mann-Whitney U test were used for data analysis. *P*\< 0.05 was considered statistically significant.

Results {#s3}
=======

After 24 hours of primary culture, the ASCs attached to culture flask with small, spheroid and transparent appearance. After one week, the cells became larger; their heterogeneity was decreased, and they acquired a fibroblastic-like form. When the cells reached 70%-80% confluency, they were passaged, and in the passages 3 and 4, they were uniformly homogeneous with spindle morphology ([Figure 1](#F1){ref-type="fig"}).

![](apb-10-88-g001){#F1}

Purity of ASCs {#s3-1}
--------------

To determine the purity of ASCs based on the FCM technique, the cells were stained with mesenchymal and hematopoietic markers. According to [Figure 2](#F2){ref-type="fig"}, ASCs did not express the hematopoietic marker of CD45 ([Figure 2b](#F2){ref-type="fig"}), but they were positive for mesenchymal markers of CD105 and CD73 ([Figure 2c, d](#F2){ref-type="fig"}). These results show that our isolated ASCs were pure from any hematopoietic cells.

![](apb-10-88-g002){#F2}

ASCs differentiation into chondrocytes {#s3-2}
--------------------------------------

In the early days after ASCs incubation in the CDM, the cells were small with uniform morphology ([Figure 3a](#F3){ref-type="fig"}), but over time, they became larger with round morphology ([Figure 3b](#F3){ref-type="fig"}). During the third week of differentiation, all cells had a round or oval shape with the distinct cellular components ([Figure 3c](#F3){ref-type="fig"}).

![](apb-10-88-g003){#F3}

The cell morphology of the experimental groups that received CDM with different doses of Res (1, 10, 20, 50 μM) was similar to the control group, but their densities were different. 1 μM dose of Res did not have considerable effect on cells density, but the 10 and 20 μM doses increased the ASCs density; the cells were very clear spherically formed with distinct nuclei. The cells densities at 50 μM dose were lower than the control group, and they lost their spherical shape. Alcian blue staining (specific for chondrocyte cells) appeared blue due to proteoglycans secretion ([Figure 4](#F4){ref-type="fig"}).

![](apb-10-88-g004){#F4}

MTT assay {#s3-3}
---------

The results showed that the OD of the cells in the control groups and Res doses of 1, 10, 20 and 50 μM were 0.83 ± 0.0373, 0.85 ± 0.0287, 0.88 ± 0.0312, 0.86 ± 4.43 and 0.72 ± 0.0394 respectively. There were no significant differences between the OD of the cells in the groups that received doses of 1, 10, and 20 μM Res with the control group, but 50 μM of Res had a significant decrease (*P*\< 0.05) ([Figure 5](#F5){ref-type="fig"}).

![](apb-10-88-g005){#F5}

TUNEL staining {#s3-4}
--------------

TUNEL staining showed that the percentage of apoptotic cells in the control group and experimental groups (1, 10, 20 and 50 μM Res) were 0.83% ± 0.31, 0.80% ± 0.22, 0.78% ± 0.32, 0.88% ± 0.30 and 9.11% ± 0.44 respectively. There were no significant differences between the number of apoptotic cells in the groups of 1, 10 and 20 μM Res with the control group, but the group that received 50 μM of Res had a significant difference from the control group (*P*\<0.05) ([Figure 6](#F6){ref-type="fig"}).

![](apb-10-88-g006){#F6}

AO/EB double staining {#s3-5}
---------------------

The morphological changes of dead cells in AO/EB staining, in addition to fluorescent color changes, included cellular contractions, nucleuses fragmentation, and chromatin condensation, which were assessed. The number of dead cells was higher in the 50 μM Res dose, and most of them were in the early stages of apoptosis. There was a significant increase in comparison to the control group (*P*\< 0.05) ([Figure 7e](#F7){ref-type="fig"}), but there were no significant differences between the dead cells of 1, 10 and 20 μM Res doses with the control group ([Figure 7a](#F7){ref-type="fig"}).

![](apb-10-88-g007){#F7}

FRAP {#s3-6}
----

The FRAP levels (measurement of total antioxidant capacity) showed that in the control group and other groups with different doses of 1, 10, 20 and 50 μM Res were 60.9 ± 0.52, 139.45 ± 23.64, 192.95 ± 4.76, 210.95 ± 22.60 and 121.25 ± 1.30 respectively. There was a significant increase in FRAP amount in the groups of 1, 10 and 20 μM Res compared with the control group (*P*= 0), but there were no significant differences between the groups that received 50 μM of Res in comparison to the control group (*P*\< 0.05) ([Figure 8](#F8){ref-type="fig"}).

![](apb-10-88-g008){#F8}

Genes expression {#s3-7}
----------------

Expression of a series of genes from ASCs and chondrocytes was evaluated using reverse transcription-PCR (RT-PCR). Expression of *Sox-2, Oct-4* and *Nanog* genes in ASCs, and *Sox-9,COL2A1* and *ACAN* genes in the chondrocyte were observed ([Figure 9](#F9){ref-type="fig"}). The expression of Sirt1 gene was assessed using real-time PCR in 10 and 20 μM groups of Res and compared to the control group. The results showed that the expression of *Sirt1* gene in groups with doses of 10 and 20 μM Res had significantly increased ([Figure 10](#F10){ref-type="fig"}).
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Discussion {#s4}
==========

In this study, the effect of Res on the differentiation of ASCs into chondrocyte in 3D culture was evaluated for the first time. ASCs were isolated from adipose tissue by collagenase digestion and cell filtrations through cell strainer. After confirming their stemness by FCM and expression some of related genes, the differentiation process occurred for 21 days. After differentiation, expression of cartilage specific genes (COL2A1, ACAN and Sox9) was confirmed. The effect of Res on ASCs differentiation to chondrocyte was dose-dependent, and 10 and 20 μM Res had the greatest effect on the number of these cells; however, a fatal effect at higher doses (50 μM) was seen.

Similar to the present study, other reports have been given on the efficacy of Res on MSCs.^[@R32],[@R33]^ Its advantages include rapid efficacy in cell proliferation and differentiation, lack of toxicity and a simple and easy treatment.^[@R34]^ Peltz et al tested the effect of Res on the human MSCs in short and long time. Res increased self-renewal of cells by preventing their aging. Higher Res dose prevented the cell renewal by aging, stopping the cell cycle in phase S and increasing the doubling time of cells.^[@R32]^ We saw the same effect in high doses of Res. The difference between two studies was related to the kind of differentiation media and 2D culture vs. 3D culture condition that indicated better condition of cell maintenance.

Regarding the various biological properties of Res, there is still no report on its effect on ASCs being incubated in CDM. Res is an effective and well-informed compound that, if applied with a suitable dose and sufficient time, it can be used for cell therapy. The exact molecular mechanism of Res is not clear, but its possible pathways increase cell survival and longevity of the mammalian cells.^[@R35]^ Another possible mechanism for Res is protection of cell apoptosis.^[@R36]^ Referred to as physiological death, apoptosis contributes to the progress and homeostasis of the tissues and destroys the old and damaged cells.^[@R37]^ Any disturbances that occur in this process will lead to disease.^[@R38]^

Our results showed that the percentage of apoptotic cells in the 50 μM Res dose increased significantly compared to the control group, and most of them were in the early stage of apoptosis; but in the other doses of Res (1, 10 and 20 μM), however, the percentage decreased.

Research has shown that antioxidants as nutritional supplements increase the power of differentiation of these cells by preventing the destruction of cell DNA, reducing oxidative stress, and improving cell adhesion of culture media by enhancing the cell survival.^[@R39]^ Also, with a rise in the amount of antioxidants in the body, the diseases associated with ROS are reduced.^[@R40],[@R41]^ Other studies have shown that natural compounds such as Res play an important role in reducing oxidative stress and related diseases.^[@R42]^ FRAP results of the present study indicated that the FRAP levels in doses of 1, 10 and 20 μM Res increased significantly compared to the control group.

TGF-β is one of the important factors in stem cells differentiation into chondrocyte, causing enhancement of the*COL2A1, ACAN* genes expression.^[@R43]^ This factor has a short half-life about three days and for more efficiency should be used freshly.^[@R44]^ Due to the increase in osteoarthritis in the world and the significant role that nutrition plays in the metabolism of chondrocytes, researchers use plant compounds for differentiation of stem cells into chondrocytes.

In recent years, different compounds such as soybeans and piascledine have been used for differentiation of MSCs to chondrocyte. The results of related studies have shown that both of them affected chondrogenesis and increased the expression of the *COL2A1, ACAN* genes, but this difference was not significant for soybeans compare to TGF-β, while there was a significant increase in the use of piascledine.^[@R45],[@R46]^

As previously mentioned, Sirt1 has been implicated in damage to cellular DNA and carcinogens and protects cells against adverse conditions and cancers, therefore, increasing cell survival. In the present study, there was an upregulation of *Sirt1* gene expression in groups that received the appropriate dose of Res (10 and 20 µM). Gabay et al showed that the mice with Sirt1 defect were also defective in cartilage, and amount of their cartilage erosion progressed with increasing age. Therefore, normal cartilage homoeostasis requires the Sirt1 protein activity.^[@R47]^

Kim et al examined the effects of different doses of Res on normal and osteoarthritis human chondrocytes in 2D and 3D culture media incubated at 1, 10, 25 and 50 μM Res dose for 24, 48 and 72 hours. Their results showed that *Sirt1* gene was upregulated in the normal and osteoarthritis chondrocytes treated with 25 and 50 μM of Res at 72 hours.^[@R48]^ Therefore, the results of various studies indicated that the expression of the Sirt1 gene depends on the cell type, type of used substance and the duration of incubation

Conclusion {#s5}
==========

3D culture was a suitable condition for ASCs differentiation to chondrocyte and lower doses of Res exert proliferation effect on ASCs. Res should be considered as a suitable differentiating compound in stem cell research and in cartilage repair.
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